Neuron specific enolase (NSE) in serum and cerebrospinal fluid (CSF) and glutamate in CSF were investigated in the immediate postasphyctic period in 22 term newborn infants. The cerebral function monitor (CFM) pattern was also assessed and hypoxic-ischaemic encephalopathy (HIE) was graded. NSE was significantly increased in the CSF of infants with HIE (median value 25'4 pug/l) compared with control infants (10.0 Rg/I). Infants with the highest concentrations died.
Prediction of outcome after perinatal asphyxia is important and difficult. Grading of hypoxicischaemic encephalopathy (HIE)l 2 is a better predictor than thin Apgar score.3 Neurophysiological measurements have been investigated as predictors of outcome and seem very promising.48
Enzymes, such as lactate dehydrogenase9 and brain specific creatine kinase,'I have been advocated as predictors of outcome after brain lesions. Enolase, a glycolytic enzyme, has recently been reported as a biochemical index of neuronal damage."1-'4 Enolase (EC 4.2.1.11) has five isoenzymes. Those containing the gamma subunit, predominantly found in neurons of the central and peripheral nervous system, are called neuron-specific enolase (NSE). The specificity of NSE has been discussed as it is also present in erythrocytes, thrombocytes, and neuroendocrine cells.15 NSE is released into both CSF and serum after damage to the central nervous system.'3 Increased concentrations also occur after cardiac arrest in adults, when the concentration in CSF correlates with neurological outcome. 16 Glutamate, one of the excitatory amino acids, has recently been reported as being present in the CSF of asphyxiated newborns and its level has been shown to correlate with grade of HIE and outcome. '7 18 The cerebral function monitor (CFM), a simplified single channel electroencephalogram (EEG) monitor with an amplitude distribution of the EEG signal, has been used in term neonates to evaluate prognosis after perinatal asphyxia. The different patterns after asphyxia and their clinical implications for prediction of prognosis have been described before.6-8 A continuous CFM pattern in the first few days of life indicates a good outcome; a consistent burst-suppression or paroxysmal pattern is associated with a poor outcome. The aim of this study was to evaluate the concentrations of NSE in CSF and serum as a marker of the severity of perinatal asphyxia in term neonates and to elucidate the relation between the concentrations of NSE and glutamate in CSF, and the CFM pattern, and grade of HIE in relation to outcome.
Methods
All infants were treated at the neonatal unit at Sahlgrenska Hospital, and the neonatal or paediatric intensive care units at Ostra Hospital, Goteborg. Twenty two term infants (gestational age of >37 weeks) with perinatal asphyxia, defined as an Apgar score of <5 at five minutes or a requirement for positive pressure ventilation for more than three minutes, or both, were included. Fifteen of the infants were treated in the intensive care unit with positive pressure ventilation. Ten of these infants were also part of a previous study on CFM and prediction of outcome. Figure 1 shows the concentrations ofNSE, in serum and CSF, for each individual infant. Three infants with moderate HIE (NSE CSF concentrations of 12, 37, and 74 ,ug/l) have so far been followed up at 5, 7, and 10 months of age, respectively, and were normal. In those infants in whom serum and CSF values were obtained simultaneously (n= 10) the serum values roughly doubled the CSF values in infants with mild and moderate HIE, while in severe HIE, CSF values were more than double the serum values, with one exception (fig 2) . Figure 3 shows the relation between NSE concentrations in CSF with time of sampling. One infant with moderate HIE and extensive ischaemic changes seen on computed brain tomograms had a high concentration of NSE (96 pug/l) on the fourth day of life. perinatal asphyxia, has its limitations. Therapeutic interventions will probably change or modify the clinical signs, thus making the grading of HIE difficult and unreliable. In our study two thirds of the infants were on controlled ventilation and staging was influenced by sedatives, hypnotics, and, occasionally, muscle relaxants which may have prevented clinical seizures and made the infants more lethargic, with secondary effects on reflex activity.
Prediction of prognosis seems to be adequate with regard to infants with mild HIE (almost all infants have a favourable outcome) and infants with severe HIE (most have a dismal outcome), but the prognostic impact of moderate HIE is unclear. Infants with moderate HIE have a varied outcome and it is within this group that most efforts must be made to predict prognosis.
In this study values of NSE in CSF correlated with grade of HIE, but there was no clear association between NSE and glutamate ( fig 4) . Glutamate has been shown to correlate with grade of HIE. 18 However, the time course of glutamate release may be very different from that of NSE. This is illustrated by the case in which the first CSF sample, taken at two hours, showed a very high NSE value but a low glutamate concentration (fig 4) . When sampling was repeated at 26 hours, the NSE concentration was still maximally increased, but by then the glutamate was also high.
In neurological recovery after cardiac arrest in adults the CSF NSE value at 76 hours after resuscitation was most indicative of prognosis compared with values at four and 28 hours.16
In other studies in adults NSE increased 18 hours to four days after cerebral infarction,13 and during the first days following anoxaemia.14 The optimal time for prognosis in newborn infants after perinatal asphyxia remains uncertain. Figure 3 indicates that there are only minor changes with time over the first 48 hours. As delayed neuronal death peaks between the second and third day of life, the optimal time is most likely to be at around 72 hours.
The cause and timing of cerebral damage in infants with perinatal asphyxia has been a matter of discussion.22 In our study all neonates except one who either died or turned i-Two infants are excluded due to short follow up. One infant died of SIDS at 6 weeks of age, but was considered normal at that time. One infant has a mild right-sided hemiplegia but is mentally normal at the time of writing.
group.bmj.com on June 18, 2017 -Published by http://fn.bmj.com/ Downloaded from out to have permanent brain injury also had substantially increased NSE concentrations in the CSF (fig 1) . NSE is a documented marker of ongoing neuronal damage, and this suggests that the damage occurred in the perinatal period. One infant with mild HIE and a normal concentration of NSE in CSF (9 ,ug/l) developed right-sided hemiplegia. This is not considered a typical sequela of perinatal asphyxia and the lack of an increase in NSE in the CSF may support the suggestion that this case of hemiplegia had an antenatal origin.
The raised CSF values, compared with serum values in severe HIE, indicate that the NSE in CSF originated from neuronal damage and was not a reflection of increased concentration in the blood. A study on the concentration of NSE in plasma in cases of adult cardiac arrest showed that six out of 14 resuscitated patients who eventually died from neurological sequelae failed to show increased NSE concentrations in plasma.23 If peripheral cells were the main source of NSE these patients would also have had raised NSE values. In this study the median CSF NSE value in the control group was 10-0 ,ug/l which is very similar to the normal value in adults (11 Lg/1 
